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adopted during anastomosis on calcified vessels depending on our experience of AVF creation over the last 7 years.
Aims and objectives
This study aimed to assess the outcome of technical modification and distal forearm RC AVF creation in calcified radial artery.
METHOdOLOgY
Twelve cases were included in this study where severe atherosclerosis and calcification of radial artery were noted intraoperatively.
All the patients were first-time candidates of RC AVF creation at distal forearm, operated between July 2017 and 2018 and followed up till July 2019. All the surgeries were performed by the senior author in the same center. Operative steps with modifications were assessed prospectively, and early outcome was noted. Data were tabulated and subjected to statistical analysis.
Operative steps
Patients were selected for fistula creation after clinical assessment, color Doppler study, and Allen's test. All the surgeries were done under local anesthesia as day-care procedure. Distal RC AVF was created with a venous bifurcation whenever available. On suspicion of an atherosclerotic vessel after clinical and color Doppler study, the cephalic vein was exposed and venous bifurcation was traced, identified, and preserved in the distal forearm. The radial artery was exposed next to the bifurcation point. If the major branch was available, a "venous branch patch" [7] was prepared from the bifurcation point and used for anastomosis [ Figure 1 ]. If bifurcation is not available, fistula was planned to be created at proximal forearm with usual method with a larger caliber vein proximally. On finding the radial artery's consistency to be hard and calcified, necessary adjustment was made for fistula creation [ Figure 2 ]. The radial artery was elevated between a pair of "Bulldog" hemostatic clamp as we noted that that conventional clamp pressure is usually inadequate to occlude the lumen completely. In most of the cases, adventitia is seen densely adhered to the inner layers, and adventitial clearing at the proposed anastomotic segment is avoided as much as possible. Arteriotomy is made with making a nick in the wall with a stab knife and extended to a length of 8-10 mm with a large curved micro scissors. Plaques are the usual finding at the margin and medial layer of arteriotomy, and loose plaques are removed trying to keep them undisturbed as much as possible. Anastomosis is done with 7-0 prolene instead of 8-0 prolene needle which is prone to be distorted. The first bite is taken to approximate arteriotomy and venotomy margin keeping the knot outside and then the needle is taken to the arterial luminal side. Subsequently, wide bites are taken from the luminal side of the artery to venous margin. Posterior wall anastomosis was completed within the arterial luminal side under vision. Then, anterior wall anastomosis was completed, with bite taken on the venous wall followed by the arterial wall inside outward. End-to-side anastomosis was done with continuous running suture. The needle is inserted between jewelers' forceps, and bites are taken staying away from the arteriotomy margin. Plaques that are dislodged with each bite are removed gently [ Figure 3 ]. On completion of anastomosis, the margin is checked removing clamp from one end and on satisfactory finding, the clamp is removed from the other end [ Figures 1 and 2 ]. Hemostasis is checked. Palpable thrill and venous dilatation were noted. Any additional branch was ligated. Incision was closed with a nonabsorbable suture.
Follow-up
The patients were observed in the postoperative recovery room. Palpable thrill and audible bruit were noted after ½ hour before discharge. The patients were followed up on days 3, 7, and 12, and sutures were removed. The patients were reviewed for progression of thrill and bruit clinically. On palpable thrill in a segment of 5-cm vein, the patients were reviewed with color Doppler study and cannulated. The flow rate was measured and observing a flow rate >250 ml/min, the patients were 
RESULTS And AnALYSiS
Twelve patients were operated with RC AVF at distal forearm with a calcified radial artery within the study period. The age of the patients ranged between 56 and 72 years, with a mean age of 63.08 years, standard deviation of (SD) 5.71, and standard error of mean (SEM) of 1.65. All of them were male.
The average external diameter of radial artery and cephalic vein was 2.74 (SD 0.31 and SE 0.09) and 2.21 mm (SD 0.37 and SEM 0.1), respectively. Venous bifurcation was available for creating a "venous branch patch" and utilized for anastomosis in all cases. The mean operative time was 36.25 min (SD 4.83 and SEM 1.39).
The functional maturation rate was 12/12 with flow rate >250 ml/min. The mean maturation time was 34 days (SD 5.74 and SEM 1.66). Primary fistula patency rates were 9/12 and 7/12 at 6 months and 1 year, respectively.
Blowout at the anastomotic junction was noted as a major complication in one patient, which occurred on the 10 th postoperative day. The patient was managed with ligation of radial artery both proximal and distal to the fistula and ligation of vein as an emergency procedure. Hand edema, vascular steal phenomenon, and distal gangrene were not seen in any case.
diScUSSiOn

Incidence
Vascular calcification in CRF is a subject of much research and ongoing studies. Published research works suggests that severe atherosclerosis is related to vascular calcifications though the nature of vascular calcification is much diverse. Intimal and medial calcifications are separate entities and implications though they are encountered during fistula creation in an indistinguishable manner. [1, 2, 8] RC AVF has been established as the gold standard after the recommendation of K/DOQI and "Fistula First Initiative." Vascular calcification has major influences on fistula creation as it makes the vessel caliber narrow; makes the wall stiff and fragile; and has much negative impact on fistula patency and maturation. [4, 9, 10] It has worse influence on smaller vessels on location such as wrist and preference to proximal fistula is suggested in these cases. [11, 12] However, proximal fistulas on Anastomosis on calcified vessel poses major challenges to the surgical team. Several improvisations and modifications of anastomotic strategy have been adopted earlier to tackle vascular calcification. Semel et al. [5] described the method of traumatic control with a sling. [5] Carpenter and Berkowitz described a method of creating hole on the vascular wall with a handheld drill and 23G hypodermic needle to facilitate suture placement for anastomosis. [13] Use of "venous branch patch" was described by Jennings et al. to prevent anastomotic stenosis. [7] Gołębiowski et al. described a "sleeve method" preferring end-to-end anastomosis in AVF creation. [14] Kim et al. mentioned end-to-side anastomosis with a venous conduit to calcified vessel for the purpose of limb salvage. [6] White et al. discussed CO 2 laser fusion vascular anastomosis and suture through adventitia and media. [15] Hosein et al. described the use of interpositional venous graft for anastomosis between calcified arteries. [16] Distal AVF became a standard after the Fistula First Initiative by K/DOQI, and fistula creation is evolving with improvement in both creation rate and success. Vascular calcification during AVF creation became an interesting entity due to certain anastomotic challenges. We observed a calcified vessel for first-time fistula creation in distal forearm, an occasional entity with an incidence rate of approximately 42/1000 in our last 7-year experience. Depending on our initial experiences for distal forearm RC AVF creation, we have adopted certain modifications of our standard end-to-side anastomosis and observed 12 cases prospectively during anastomosis in the last 2 years and summarized our experiences.
Problem with atherosclerotic vessels
1. Misleading or inconclusive Allen's test. Doppler is more conclusive to suspect a calcified vessel before exploration 2. Very hard wall produces difficult occlusion by placing regular vascular hemostatic clamps and prone to fracture 3. Hard wall prevents wall penetration for clean arteriotomy or microvascular suture placement 4. Luminal narrowing with plaques is prone to anastomotic occlusion and thrombosis 5. Less distensible, more prone to anastomotic stenosis, and early failure [9, 17, 18] 6. Poor maturation, risk of blowout, and vascular events 7. Smaller diameter vessels are prone to difficulty to mature and large diameter vessels are prone to vascular steal phenomenon.
Our adaptations
1. Doppler is more conclusive and suggestive of a calcified artery which guides adopting a modification of approach and explore the artery for fistula creation. Major venous bifurcations are traced and tried to be utilized for "venous branch patch." Skin incision was planned accordingly 2. Use of "Bulldog" hemostatic clamp instead of regular clamps [Figures 2 and 3 ]. We have noted that the use of "Bulldog" clamps and irrigation during suture placement were adequate to provide a clean operative field 3. Handling the artery with an elastic rubber band minimized the trauma and breakdown of plaques. Adventitial stripping at arteriotomy and anastomotic segment is avoided to minimize further trauma and fracture of plaques 4. Use of venous bifurcation helped in creating a "venous branch patch" in the distal forearm to have control over anastomotic diameter, particularly in small diameter vein, and provided a cuff of tissue at the anastomotic margin to prevent tear through suture and stenosis [ Figure 1 ]. Branch patch also allowed to take thick bite through arterial wall and vein and minimized leakage 5. Small diameter vein at distal forearm with branch patch avoided a large caliber fistula and avoided the steal phenomenon 6. Use of 7-0 prolene instead of 8-0. 7-0 suture needle is found to be suitable to pierce but leaves no leakage use of 7-0 and placing thick bite minimized the required number of bite through the wall and subsequent chance of plaque dislodgement [ Figure 2 ] 7. Placing the bite from the inner to outer side of the artery with continuous suture minimized the dislodgement of intimal plaques and allowed easy removal of medial loose plaques [ Figure 3 ].
These adaptations were simple which did not need any special requirements and effort. The mean operation time was 32 min which was similar to our conventional fistula creation time.
Outcome
On-table palpable thrill and bruit and venous dilatation were achieved in all cases, which were found to be the most important clinical guide for fistula maturation. [19] Functional maturation was obtained in all the 12 cases, with a mean maturation time of 34 days (SD 5.77 and SEM 1.66). Thrombosis was noted in two fistulas in the first 6 months and another two in the next 6 months. The primary patency rates were 9/12 and 7/12 at 6 months and 1 year, respectively. In earlier studies, primary failure rate of distal RC AVF varies from 9% to 40%, [19, 20] and 3.42 times higher chance of failure was shown in the presence of calcification. [4, 11] Our result is almost similar to the operative outcome of distal forearm RC AVF on normal vessels shown in other studies, and we have noted better outcome of fistula on calcified vessels in contemporary literature.
The most important complication we encountered is blowout of the fistula which we have seen in one case. The blowout was noted on the 10 th postoperative day. The patient presented with bleeding from the operative site and was explored under local anesthesia. The radial artery was ligated both proximal and distal to the fistula. Dialysis was continued through the neck line, and the patient was lost from subsequent follow-up. Vascular steal phenomenon or hand edema was not seen in any cases.
Limitation
This is a small sample study and needs prolonged follow-up. Furthermore, the study lacks secondary patency rate as no secondary intervention was done due to lack of cost-effective radiologic intervention at our center.
cOncLUSiOn Some simple adaptations in vessel handling and suturing techniques and use of "venous branch patch" for anastomosis may improve functional outcome in atherosclerotic vessels in distal forearm RC AVF creation. This observation needs more number of cases and longer follow-up to predict the outcome in more assertive way.
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